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ABSTRACT
We used deep Gemini-South/GMOS g′r′i′z′ images to study the globular cluster (GC) system
of the massive elliptical galaxyNGC1395, located in the Eridanus supergroup. The photomet-
ric analysis of the GC candidates reveals a clear colour bimodality distribution, indicating the
presence of “blue” and “red” GC subpopulations. While a negative radial colour gradient is
detected in the projected spatial distribution of the red GCs, the blue GCs display a shallow
colour gradient. The blue GCs also display a remarkable shallow and extended surface density
profile, suggesting a significant accretion of low-mass satellites in the outer halo of the galaxy.
In addition, the slope of the projected spatial distribution of the blue GCs in the outer regions
of the galaxy, is similar to that of the X-ray halo emission. Integrating up to 165 kpc the pro-
file of the projected spatial distribution of the GCs, we estimated a total GC population and
specific frequency of 6000±1100 and SN=7.4±1.4, respectively. Regarding NGC1395 itself,
the analysis of the deep Gemini/GMOS images shows a low surface brightness umbrella-like
structure indicating, at least, one recent merger event. Through relations recently published
in the literature, we obtained global parameters, such as Mstellar = 9.32 × 10
11 M⊙ and
Mh = 6.46× 10
13 M⊙. Using public spectroscopic data, we derive stellar population param-
eters of the central region of the galaxy by the full spectral fitting technique. We have found
that, this region, seems to be dominated for an old stellar population, in contrast to findings of
young stellar populations from the literature.
Key words: Galaxies: individual: NGC1395 -galaxies: elliptical and lenticular, cD -galaxies:
evolution
1 INTRODUCTION
In the scenario of galaxy formation, it is clear that major fusions
and tidal interactions play important roles. In the paradigm of hi-
erarchical ΛCDM structure formation, massive early-type galax-
ies we see in the local Universe would have been built through
a combination of two phases: in situ and ex situ formation (e.g.,
Oser et al. 2010; Rodriguez-Gomez et al. 2016). In the first phase
(z & 2), there is rapid in situ star formation driven by the infall
of cold gas flows (Dekel et al. 2009; Naab et al. 2009), followed
by a largely quiescent evolution. The second phase (i.e. ex situ)
is dominated mainly by successive accretion of smaller structures
(Zolotov et al. 2010; Wellons et al. 2016). These two mechanisms
should leave their signatures on the dynamics, chemistry, and kine-
matics of the galaxies, both in their inner regions and in their ha-
⋆ E-mail: cgescudero@fcaglp.unlp.edu.ar
los. Recent observational studies (Pastorello et al. 2014; Duc et al.
2015; Carlsten et al. 2017; D’Abrusco et al. 2016) have shown the
presence of gradients in the stellar properties (metallicity, surface
brightness, abundance ratio) of early-type galaxies, as well as tidal
structures of low-surface brightness that provide evidence and re-
flect, at least in part, the hierarchical history of such systems.
Interaction processes between galaxies belonging to clusters
and groups, and with their intra-cluster medium, are also very im-
portant mechanisms that determine different properties of the re-
sulting galaxies. Several observational and simulation studies have
determined that the properties of galaxies located in dense envi-
ronments differ from those found in low density ones (Tal et al.
2009; Niemi et al. 2010). Although there are several mechanisms
that act more efficiently in one case or another (e.g., ram pressure
stripping and strangulation in clusters, and tidal interactions and
mergers in groups (Balogh et al. 2000; Bekki 2014; Mazzei et al.
2014)), it is still unclear whether the different properties exhib-
c© The Authors
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ited by galaxies located in clusters are due to the result of na-
ture, or due to the effects of preprocessing in groups. The study of
early-type galaxies located in groups and low-density environments
has begun to increase in the last decade (e.g., Spitler et al. 2008;
Cho et al. 2012; Lane et al. 2013; Salinas et al. 2015; Caso et al.
2015; Escudero et al. 2015; Bassino & Caso 2017), since it is there
that one can expect to see some transformation processes in action
(e.g. accretion and/or merger processes), and not only their final
product.
In this scenario, globular clusters (GCs) have proved to be
important tools for examining the early stages of galaxy forma-
tion, and also to trace major star forming episodes in a galaxy
(Hargis & Rhode 2012; Blom et al. 2014; Sesto et al. 2016). The
advantages of using these objects is that they are easily seen far
beyond the Local Group, where, at present, it is difficul to per-
form direct measurements of galaxy integrated light at large galac-
tocentric radii (e.g., Norris et al. 2008; Pota et al. 2013). In addi-
tion, the connection between GCs and the stellar populations that
shape up galaxies is widely accepted. Some steps in exploring the
existence of such a connection have been presented in Forte et al.
(2007, 2009, 2012, 2014). The basic idea of these works is that
GCs form along diffuse stellar populations sharing their chemical
abundances, spatial distributions and ages.
In this context, we intend to study the elliptical (E) galaxy
NGC1395 belonging to the less dense group of the Eridanus
supergroup, particularly through its GC system. The Eridanus
supergroup is composed of at least three different subgroups
of galaxies with different degrees of dynamic evolution: the
most massive and mature subgroup associated with the E galaxy
NGC1407, a subgroup around the lenticular galaxy NGC1332,
and the more sparse Eridanus subgroup linked to the massive
E galaxy NGC1395 (Brough et al. 2006). This supergroup to-
gether with the Fornax cluster and other neighboring groups would
constitute the Fornax+Eridanus complex (Nasonova et al. 2011;
Makarov & Karachentsev 2011). However, although on the scale
of virial radii these groups do not overlap, they are probably bound
to the main structure of the Fornax cluster which is linked to
NGC1399 (Nasonova et al. 2011).
Regarding the study of GC systems in the Eridanus su-
pergroup, NGC 1407 was extensively studied in the last years
by different authors (Forbes et al. 2006; Trentham et al. 2006;
Spolaor et al. 2008a,b; Romanowsky et al. 2009; Forbes et al.
2011; Pota et al. 2015), and a complete analysis of its GC system is
available. On the other hand, the GC system of NGC1332 presents
a single studied performed by Kundu & Whitmore (2001) using the
Wide Field Planetary Camera 2 (WFPC2) snapshot survey of the
Hubble Space Telescope in the V and I bands.
Throughout the paper we will adopt the distance modu-
lus of NGC1395 obtained from surface brightness fluctuation of
Tully et al. (2013) of (m −M)0 = 31.88 ± 0.12 mag (Table 1),
which corresponds to a spatial scale of 0.11 kpc arcsec−1. Some
relevant parameters of NGC1395 are listed in Table 1.
The paper is structured as follows. In Section 2 we describe
the observational data, as well as the reduction and calibration pro-
cesses. In Section 4 we present the isofotal analysis performed on
the brightness distribution of the galaxy, highlighting the presence
of a faint shell. In Section 5 we select the GC sample and de-
scribe its properties. In Section 6 we obtain physical parameters
of NGC1395. In Section 8 we present our conclusions.
Table 1. Relevant parameters of NGC 1395.
Parameter Value Units Reference
αJ2000 03:38:29.75 h:m:s NED
δJ2000 −23:01:39.09 d:m:s NED
l 216:12:42.1 d:m:s NED
b −52:07:14 d:m:s NED
Type E2 – RC3
V0
T
9.61 mag RC3
B0
T
10.6 mag Capaccioli et al. (2015)
(m–M)0 31.88±0.12 mag Tully et al. (2013)
Position angle 104.5 degree Capaccioli et al. (2015)
Helio. velocity 1717±7 km s−1 Smith et al. (2000)
σ 238±8 km s−1 Smith et al. (2000)
Reff 1.10 arcmin Li et al. (2011)
logMstellar 11.0 M⊙ Colbert et al. (2004)
logLX 40.89 erg s
−1 O’Sullivan et al. (2001)
logMSMBH 8.59 M⊙ Pellegrini (2010)
2 OBSERVATIONS AND DATA REDUCTION
The study of NGC 1395 (Table 1) was started using images from
the camera Gemini Multi-Object Spectrograph (GMOS) mounted
on the Gemini South telescope. Six fields were observed in the
g′r′i′z′ filters (Fukugita et al. 1996) with a binning of 2×2, giving
a scale of 0.146 arcsec pixel−1. Two of them correspond to compar-
ison fields (see Section 3.3). Figure 1 shows the distribution of the
four observed fields around NGC1395. The images corresponding
to fields 1 and 2 are part of Gemini programm GS-2012B-Q-44 (PI:
J. C. Forte), while fields 3 and 4 correspond to the programm GS-
2014B-Q-28 (PI: L. Sesto). The latter programm presents shorter
exposure times compared with the first one. This difference is orig-
inated as a result of the upgrade of the GMOS detector array (E2V
to Hamamatsu CCDs1) made in mid-2014. Table 2 shows a brief
summary of the log of the observations used in this work.
The reduction process of the data was performed in the
usual way (see, for example, Faifer et al. 2011; Escudero et al.
2015; Sesto et al. 2016), using specific Gemini/GMOS routines
within IRAF2 (e.g. GPREPARE, GBIAS, GIFLAT, GIREDUCE, GMO-
SAIC, GIFRINGE, GIRMFRINGE, IMCOADD). Appropriate bias and
flat-field frames obtained from the Gemini Observatory Archive3
(GOA) as part of the standard GMOS baseline calibrations, were
applied to the raw data. Since the i′ and z′ frames showed a signif-
icant fringing pattern, the correction of this effect was performed
using six blank sky images close to the dates of our data. These cal-
ibration images have exposure times of 300 s and were also down-
loaded from the GOA. To create and subtract the fringe pattern in
our science images, we used the GIFRINGE and GIRMFRINGE tasks.
After correcting cosmetic effects of the data, images corresponding
to the same field and filter were combined using IMCOADD. In this
way, we obtained a final set of images to be used for the photomet-
ric analysis. The final values of FWHM are listed in Table 2.
In order to analyze the stellar population content of
NGC1395, we also used public data from the final release of 6dF
Galaxy Survey (DR3 6dFGS; Jones et al. 2004, 2009). Mainly used
1 http://www.gemini.edu/sciops/instruments/gmos/imaging/detector-array
2 IRAF is distributed by the National Optical Astronomical Observato-
ries, which are operated by the Association of Universities for Research
in Astronomy, Inc., under cooperative agreement with the National Science
Foundation
3 https://archive.gemini.edu/searchform
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Figure 1. SDSS image of NGC 1395 showing the four GMOS science
fields. Fields 1 and 2 correspond to the observation programm GS-2012B-
Q-44, and fields 3 and 4 to GS-2014B-Q-28.
in several studies of large-scale structures, this survey presents
spectra of 136 304 sources observed in the near IR and optical
bands, using the 6dF fiber-fed multi-object spectrograph. The spec-
tra were obtained by fibres with a beam size of 6.7 arcsec in diam-
eter (∼ Reff/10 for NGC1395), and with the gratings V (3900-
5600 A˚) and R (5400-7500 A˚). The resolution obtained in the fi-
nal spectra is 5.8 A˚with an average S/N>12 A˚−1. The spectrum of
NGC1395 used in this work was classified as high-quality redshift
(Q = 4, Jones et al. 2004).
3 PHOTOMETRIC DATA HANDLING
3.1 Photometry
According to the distance assumed for NGC1395 (Table 1), it is
expected that GCs are observed as unresolved objects. In order
to detect as much sources as possible in our Gemini/GMOS im-
ages, we used a script that combines the detection capabilities of
the SEXTRACTOR software (Bertin & Arnouts 1996) together with
IRAF median filters. This allows us to model and subtract the sky
background and the galaxy light, providing a better detection and
subsequent estimation of the magnitudes of sources towards the in-
ner region of the galaxy. From a list of initial reference objects,
the script also provides a final catalogue for each field with all the
common objects detected in the four filters. In our case, we used as
a reference the object list obtained from the r′ images, since they
present the highest number of detections in comparison with the
g′, i′ and z′ frames.
The DAOPHOT package (Stetson 1987) within IRAF was used
to model the point spread function (PSF) on each science field.
Each PSF model was built through the selection of ∼ 30 bright
unresolved sources uniformly distributed over the GMOS field of
view. The separation between resolved and unresolved sources was
carried out using the parameter CLASS STAR of SEXTRACTOR. The
classification is performed by a neural network assigning values be-
tween 0 (resolved objects) and 1 (unresolved objects). In this work
we have considered 0.5 as the reference value to distinguish be-
tween resolved and unresolved sources. In addition, we used the
PSF Extractor (PSFEx; Bertin 2011) software in order to evalu-
ate DAOPHOT performance in the PSF modeling, and we also test
a new galaxy/star classifier called SPREAD MODEL (see Appendix
A). The value adopted in this case to separate resolved from unre-
solved sources was 0.0035.
The instrumental psf magnitudes for each object were ob-
tained with the ALLSTAR task using the psf models previously built.
In addition, we conducted an aperture correction to these magni-
tudes using the MKAPFILE task. This procedure was applied to all
filters. As a final step, we built a master photometric catalogue with
all the detected unresolved objects in each field.
In order to transform the instrumental magnitudes to the stan-
dard system, we used standard star fields observed during the same
nights as Field 1 (E2V CCDs) and Field 4 (Hamamatsu CCDs).
These images were taken as part of the observing program men-
tioned in Section 2. The expression used to calibrate our data was:
mstd = mzero +minst −KCP (X − 1) + CT (m1 −m2)std, (1)
wheremstd are the standard magnitudes, mzero is the photometric
zero point, minst are instrumental magnitudes, KCP is the mean
atmospheric extinction at Cerro Pacho´n, X is the airmass, CT is
the coefficient of the colour term and (m1 − m2) are the colours
indicated in the fifth column of Table 3. Owing to the small number
of standard stars present in our standard fields, it was not possible
to obtain reliable values for the colour terms. Therefore, we have
adopted the values published in Escudero et al. (2015), since they
were obtained with the same instrument and the same filters (Table
3). The values obtained by these authors are similar to those given
by the Gemini Observatory.
The photometric zero-points obtained for fields 1 and 4 are
listed in Table 3. The data corresponding to fields 2 and 3 were
calibrated using common sources between these fields and Field 1.
Subsequently, the zero-points differences between Field 2 and Field
4 were obtained, resulting in values lower than 0.07 mag in all fil-
ters. These small differences were applied to Field 4 to homogenize
our photometry to the field containing the galaxy. Finally, we ap-
plied to our catalogue the Galactic extinction coefficients given by
Schlafly & Finkbeiner (2011) (sixth column in Table 3).
3.2 Completeness test
We performed completeness tests in each science field, in order
to determine reliable limits in magnitude in our photometric cata-
logue. This was carried out adding 200 artificial sources in inter-
vals of 0.2 mag in the magnitude range 21 < r′0 < 29 mag. A
total number of 8000 sources were added to the images using the
IRAF tasks STARLIST and ADDSTAR. To simulate the spatial distri-
bution of GCs around NGC1395, a power law function (i.e. r−1)
was considered in the field that contains the galaxy (Field 1 in Fig-
ure 1), and a uniform spatial distribution in the remaining fields.
Subsequently, the recovery of these artificial sources was done us-
ing the identification script mentioned in Section 3.1.
Top panel in Figure 2 shows the fraction of recovered objects
(f) as a function of the reference magnitude. This figure shows that
our GMOS mosaic has a completeness level greater than 80 per
cent at r′0 ∼ 25 mag, decreasing to r
′
0 ∼ 24.4 mag for the case
of Field 1 (the one containing NGC1395). On the other hand, this
figure also shows that the fields that were observed with the Hama-
matsu detectors (Field 3 and Field 4), are slightly deeper than those
observed with the E2V CCDs. This difference is due to the new
CCDs which have a better quantum efficiency and an improved red
sensitivity.
Also, we perform completeness tests as a function of galac-
tocentric radius (rgal) for different limiting magnitudes. As we
have found in previous works (e.g., Escudero et al. 2015), there is
MNRAS 000, 1–?? ()
4 Escudero et al.
Table 2. Set of observations of NGC 1395. The values of airmass, exposure times and FWHM correspond to the final co-added images.
Science Data Gemini ID Field RA DEC Airmass texp(s) FWHM (
′′)
(h:m:s) (d:m:s) g′ r′ i′ z′ g′ r′ i′ z′ g′ r′ i′ z′
(1) (2) (3) (4) (5) (6) (7) (8)
NGC1395 GS-2012B-Q-44 1 03:38:29.75 -23:00:53 1.40 1.33 1.28 1.22 4×180 4×120 4×150 6×400 0.9 0.8 0.7 0.8
GS-2012B-Q-44 2 03:38:49.53 -23:00:53 1.16 1.12 1.10 1.07 4×180 4×120 4×150 6×400 1.1 1.1 1.0 1.0
GS-2014B-Q-28 3 03:38:09.17 -23:00:54 1.10 1.13 1.15 1.18 6×130 4×100 4×100 4×400 0.9 0.8 0.8 0.7
GS-2014B-Q-28 4 03:38:48.09 -22:56:00 1.19 1.23 1.26 1.31 4×130 4×100 4×100 4×400 0.6 0.6 0.5 0.6
Comp. Field 1 GS-2012B-Q-44 - 03:42:18.18 -23:02:58 1.14 1.10 1.08 1.06 4×180 4×120 4×150 4×400 1.1 0.8 0.8 0.7
Comp. Field 2 GS-2014B-Q-28 - 03:31:40.30 -22:21:31 1.01 1.09 1.11 1.15 7×130 4×100 4×100 4×400 0.9 0.8 0.7 0.8
Table 3. Coefficients used in the transformation to the standard system.
m∗zero: final values of zero-point for the E2V and Hamamatsu detectors.
CT: colour term obtained by Escudero et al. (2015). Aλ: Galactic extinction
coefficients in each filter given by Schlafly & Finkbeiner (2011).
Filter m∗zero(E2V) m
∗
zero(Ham) CT (m1-m2) Aλ
g′ 28.25±0.02 28.09±0.03 0.08±0.02 (g′ − r′) 0.076
r′ 28.35±0.03 28.31±0.03 0.03±0.01 (g′ − r′) 0.053
i′ 27.95±0.03 28.29±0.03 -0.02±0.05 (r′ − i′) 0.039
z′ 26.84±0.02 28.13±0.02 0.0 (i′ − z′) 0.029
a strong spatial dependence in the completeness, mainly when we
move towards the inner region of the galaxy. In order to improve
the detection of objects in that region, we initially used the EL-
LIPSE model obtained in Section 4 and, subsequently, the detection
script mentioned in Section 3.1. This procedure allowed us to detect
a significant number of objects in the central region of the galaxy
up to 0.33 arcmin (bottom panel in Figure 2). At r′0 ∼ 24.4 mag,
our photometry is 80 per cent complete, only losing objects within
the radius mentioned above.
Observing the photometric errors of the colour indices as a
function of the magnitude r′ for all the unresolved sources (Fig-
ure 3), we obtain that at r′0 = 24.4 mag the median colour errors
are . 0.1 mag. Therefore, we have adopted this value as a lower
limit in magnitude for the subsequent analysis.
3.3 Comparison Fields
The estimation of the contamination level in our data was carried
out using two comparison fields (Table 2), corresponding to the pro-
gramms GS-2012B-Q-44 and GS-2014B-Q-28, respectively. They
were observed in the same filters and with the same exposure times
as fields 1-2 and 3-4, respectively.
The reduction process of the images and the photometry per-
formed over the unresolved sources (CLASS STAR>0.5) detected
in these fields, were carried out following the guidelines presented
in Sections 2 and 3. Although these fields were observed in differ-
ent nights, with different integration times and with different CCD
cameras, they turned out to be photometrically similar (see the top
panel of Figure 3).
In Figure 4 we show the colour-magnitude diagram r′0 versus
(g′ − z′)0 with all the unresolved sources detected in both fields.
This figure shows a low number of unresolved sources with mag-
nitudes r′0 < 24.4 mag and with colour ranges similar to those
adopted for GC candidates (see Section 5.1). Most of these objects
correspond to medium-high redshift galaxies and foreground stars
(Fukugita et al. 1995). From the comparison fields, we estimate a
low contamination in our GC sample of 1.36 objects arcmin−2 for
r′0 < 24.4 mag.
 0
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Figure 2. Top panel: completeness fraction as a function of r′0 magnitude.
The solid and dashed blue lines show the completeness tests performed on
the comparison fields used in this work. Bottom panel: completeness frac-
tion as a function of galactocentric radius for field 1. The horizontal dashed
line shows the 80 per cent completeness level.
4 NGC1395
4.1 Surface brightness profile
We obtained the surface brightness profiles of NGC 1395 in the
filters g′, r′, i′ and z′, in order to compare it with the spatial distri-
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Figure 4. Colour-magnitude diagrams with all unresolved sources (grey
dots) detected in the two comparison fields (programms GS-2012B-Q-44
and GS-2014B-Q-28, respectively). Closed and open black circles show the
objects with colours and magnitudes inside the ranges adopted for the GC
candidates in NGC 1395. The horizontal dashed line depicts r′0 = 24.4
mag which corresponds to a 80 per cent completeness level in our science
fields.
bution of its associated GCs. To do this, we built a mosaic in each
filter with the images of Field 1 and Field 2 corresponding to the
E2V detectors. Using the objects in the overlapping area of these
fiels, we equalized the signal and the sky level before combining
them with SWarp (Bertin et al. 2002).
We modelled the galaxy light using the IRAF tasks ELLIPSE
and BMODEL on the g′ filter allowing the free variation of the cen-
ter, ellipticity (e) and position angle (PA; measured from the north
counterclockwise) of the isophotes during the fit. Subsequently,
the obtained model was applied on the remaining filters. To avoid
the light contribution from bright objects in the field, they were
masked before performing the fit. Towards the outer regions of the
galaxy (∼ 3.3 arcmin) the isofotal parameters were fixed during the
modelling, because the fit becomes unstable given the low surface
brightness of the galaxy in these zones.
At this point, an important factor to consider in the built of
the surface brightness profiles is the determination and subtrac-
Table 4. Values of µeff ,Reff and n obtained by fitting Se´rsic profiles in the
filters g′,r′,i′ and z′ to the surface brightness profiles of NGC1395. Last
column shows the total magnitude (mtot) of the fitted profile.
Filter µeff Reff n mtot
(mag arcsec−2) (arcmin)
g′ 22.90±0.02 1.26±0.02 5.12±0.08 9.98±0.02
r′ 21.86±0.03 1.04±0.01 4.97±0.08 9.35±0.05
i′ 21.27±0.03 0.97±0.02 5.11±0.12 9.00±0.05
z′ 21.15±0.02 1.03±0.01 4.99±0.07 8.68±0.04
tion of the sky level. An underestimation or overestimation of such
values can introduce spurious structures in the obtained profiles
(Erwin et al. 2008). In our case, we considered the sky level us-
ing the counts of the outermost isophote of the model (SMA∼7.7
arcmin). Figure 5 show the radial surface brightness profiles of
NGC1395 as a function of the equivalent radius4 (req) in the dif-
ferent filters.
In order to test the reliability of our GMOS profiles, we down-
loaded the brightness profiles of the galaxy in the BVRI filters
from the Carnegie-Irvine Galaxy Survey (CGS; Li et al. 2011).
Subsequently, they were transformed to the Sloan photometric sys-
tem using the expression given by Fukugita et al. (1995) for E
galaxies (their table 3). Both sets of profiles show a good agree-
ment up to req ∼ 4 arcmin, after which a small difference is ob-
served, possibly as a result of the sky values adopted in each case.
As an example, Figure 5 shows the agreement between the B and
g′ profiles.
With the aim at obtaining structural parameters of NGC1395,
we fit to its brightness profiles the analytical expression of the
Se´rsic function (Se´rsic 1968), expressed in surface-brightness units
(mag arcsec−2):
µ(r) = µeff +
(
2.5 bn
ln 10
)[(
r
Reff
)(1/n)
− 1
]
. (2)
Here, Reff is the effective radius of the galaxy, µeff is the surface
brightness at that radius, n, the Se´rsic index, and bn = 1.9992n −
0.3271.
The resulting parameters in the different fits are listed in Ta-
ble 4. From these parameters, we also calculated the total magni-
tudes of NGC1395 in the different bands. The lower panel of Fig-
ure 5 shows the residual of the fits in the g′ and z′ filters, exhibit-
ing an excellent agreement between the model and the observed
profile (∆mag < 0.05 up to req ∼ 4.5 arcmin). From our fits,
we obtained for the effective radius of NGC 1395, a mean value of
〈Reff〉 = 1.07± 0.03 arcmin (∼7.1± 0.2 kpc). This value is sim-
ilar to that obtained by Li et al. (2011) of 1.10 arcmin. However, it
should be noted that the value obtained by these authors was esti-
mated in different photometric bands. For the subsequent analysis
of the GC system of NGC1395, we will take our mean value as
representative of the half-light radius of the galaxy.
4.2 Isophotal analysis and tidal features
The analysis of the variations of the isophotal parameters of
NGC1395 can provide important clues about possible merger
and/or interaction events with objects of lower mass (Lane et al.
4 req =
√
ab = a
√
1− e, with a and b, semi-major and semi-minor axes
of the ellipses
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Figure 5. Top panel: surface brightness profiles of NGC1395 in the filters
g′,r′,i′ and z′ (solid lines). As a comparison, we also included the B pro-
file from the CGS (dashed line), which was shifted vertically by adding a
constant value. Bottom panel: residuals obtained from the fit of the Se´rsic
function on the g′ and z′ profiles (red and blue lines).
2013; Escudero et al. 2015). In Figure 6 we show the variation of
the ellipticity (e), position angle (PA), the Fourier coefficient B4
and the colours (g′ − z′)0, (g
′ − i′)0 and (g
′ − r′)0 as a func-
tion of req. The figure shows a significant variation mainly in PA
changing approximately 45◦ within 2.5 arcmin, while e ranges
from 0.14 to 0.24 in this region, after which both parameters re-
main constant. On the other hand, the coefficient B4 indicates that
the galaxy posses boxy isophotes up to ∼ 2 arcmin (B4 < 0 and
B4 > 0 describe boxy and discy isophotes, respectively) and after
∼3 arcmin. The presence of boxy isophotos are generally related to
recent events of interactions and/or mergers (Kormendy & Bender
1996). The results obtained here are in good agreement with those
of Li et al. (2011). However, it is necessary to mention that our ob-
servations are photometrically deeper than that work, which allows
us to obtain greater detail in the distribution of the surface bright-
ness of NGC1395.
Malin & Carter (1983) and Tal et al. (2009) mention that
NGC1395 presents low contrast shells within its bright envelope,
in a northwesterly direction. However, both papers do not present
a characterization or description of them. Therefore, given the ex-
cellent quality of the GMOS data, we performed an analysis on our
images with the aim at detecting some of these substructures.
At first glance, it is possible to identify a faint shell in our
original images without further processing, at a galactocentric ra-
dius of approximately 3 arcmin (∼20 kpc) in the northwest direc-
tion. To highlight the shell due to its low brightness, and any other
possible substructure present in the images, we subtracted the un-
derlying galaxy light using the model in the g′ filter obtained with
ELLIPSE. Then, we used SEXTRACTOR to detect and remove all
the sources from the image, considering a high value of the pa-
rameter BACK SIZE (BACK SIZE=256), in order to avoid including
small-scale structures in the background model. Subsequently, we
applied the unsharp masking technique in the resulting image with
a Gaussian kernel of σ = 80 pixels (∼0.2 arcmin) to highlight any
possible remaining low surface brightness structure.
Figure 7 shows the location of the shell in the g′ image, which
can also be seen in the r′ and i′ frames. In addition, a radial feature
perpendicular to the shell is observed in the final image, forming
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Figure 6. Variations of the isophotal parameters e, PA and B4 with its
uncertainties (black line and shaded regions) in the filter g′ versus equiva-
lent galactocentric radius. Last panel shows the colour indices (g′ − z′)0,
(g′ − r′)0 and (g′ − i′)0 as a function of the equivalent galactocentric
radius (red, blue and magenta lines, respectively).
an umbrella-like structure. This type of configuration likely cre-
ated during the accretion of low-mass and gas-free galaxies on a
nearly radial orbit (Tal et al. 2009; Sanderson & Helmi 2013), is
frequently observed in early-type galaxies with stellar masses >
1010.5 M⊙ (Malin & Carter 1983; Tal et al. 2009; Atkinson et al.
2013; Duc et al. 2015; Bı´lek et al. 2016). Since the dynamic age
of these morphological disturbances seems to be ∼ 0.5 − 3 Gyr
(Nulsen 1989; Pop et al. 2017), the presence of these substructures
in NGC 1395 would indicate that the galaxy has recently experi-
enced, at least, one minor merger.
5 GLOBULAR CLUSTER SYSTEM
5.1 Globular cluster colours
Figure 8 shows the r′0 versus (g
′ − z′)0 and the (r
′ − z′)0 ver-
sus (g′ − r′)0 diagrams of the all unresolved sources detected in
our GMOS mosaic. Since GCs are grouped around specific colours
ranges in this type of diagrams, the selection of the GC candidates
of NGC1395 was performed using the following colour cuts:
0.2 < (g′ − r′)0 < 1.1 mag; 0.4 < (g
′ − i′)0 < 1.5 mag;
0.5 < (g′ − z′)0 < 1.8 mag; −0.1 < (r
′ − i′)0 < 0.7 mag;
−0.15 < (r′ − z′)0 < 1.1 mag; −0.3 < (i
′ − z′)0 < 0.75 mag.
Some of these limits are plotted in Figure 8 with vertical, horizon-
tal and diagonal red dashed lines. The colour ranges chosen in this
work result similar to that used by Peng et al. (2006), Faifer et al.
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Figure 7. Image obtained after the subtraction of the sources present in
the field and the subsequent smoothing by the unsharp masking technique.
We have superimposed the g′ image of the galaxy for a better visualization
of the different structures. White arrows indicate the location of a shell in
NGC1395 at a galactocentric radius of ∼ 3 arcmin (∼20 kpc), as well as a
radial feature. North is up and East to the left.
(2011) and Escudero et al. (2015) for early type galaxies, and they
were adopted in order to obtain a sample of GC candidates as
clean as possible. In addition, we chose those objects brighter than
r′ = 24.4 mag, corresponding to the completeness analysis per-
formed in Section 3.2. On the other hand, we do not consider a
magnitude cut toward the bright end, because we have not iden-
tified a significant number of Milky Way stars, massive clusters
and/or ultra compact dwarf candidates in the colour-magnitude di-
agram. The final number of GC candidates in our sample is 1328,
and they are displayed with black points in both panels of Figure 8.
The same colour and magnitude cuts were applied in the compar-
ison fields, estimating ∼ 8 per cent of contamination due to back-
ground objects in our final sample.
To investigate the different GC subpopulations present in
NGC1395, we used the Gaussian Mixture Modeling (GMM) code
of Muratov & Gnedin (2010), on the different GC colour distribu-
tions. GMM is a statistical algorithm that allows us to calculate if
the data are better represented by a unimodal or multimodal dis-
tribution, using three different statistics: (1) parametric bootstrap
method (low values of P (χ2) indicate a multi-modal distribution),
(2) separation of the peaks between Gaussians (D > 2 implies a
multimodal distribution) and (3) kurtosis of the input distribution
(k < 0 condition necessary but not sufficient for bimodality).
We run GMM on the different colour distributions considering
the heteroscedastic (different dispersion) and homoscedastic (same
dispersion) modes. Table 5 shows the values of mode peaks (µn),
the dispersions (σn), the fraction of objects assigned to the blue GC
subpopulation (pn), and the statistical values P (χ
2), D and k ob-
tained by GMM. As shown in this table, although both modes show
a similar level of significance (>99 per cent), the homoscedastic fit
may cause the position of the peaks to move away from their true
value (Peng et al. 2006; Harris et al. 2016).
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Figure 8. Colour-magnitude (top panel) and colour-colour (bottom panel)
diagrams with the unresolved sources detected in the mosaic with magni-
tude r′0 < 24.4 mag (grey and black points). Black points indicate the
final sample of GC candidates selected from the different colour cuts. The
dashed red lines show some of the colour ranges and magnitude used for
the selection of GC candidates.
In Figure 9, we show background-corrected colour histograms
for different combinations of photometric bands. Each histogram
was constructed adopting a bin size comparable with the maxi-
mum photometric errors in the considered colour. According to the
values obtained in Table 5, the colours (g′ − z′)0, (g
′ − i′)0 and
(r′ − z′)0 display clear evidence of a bimodal distribution, indi-
cating the presence of at least two GC subpopulations (“blue” or
metal-poor and “red” or metal-rich) in NGC1395. In Figure 9, we
show explicitly this both gaussian components only in the cases in
which the bimodality is detected.
In order to examine in greater detail the GC colour distribu-
tion of NGC 1395, and subsequently determine appropriate colour
boundaries to separate both GC families, we considered subsam-
ples of clusters with the same number of objects (332 candidates)
at different galactocentric radii (rgal <80, 80-152, 152-296 and
>296 arcsec). We again use GMM in the different radial bins con-
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Table 5. Values obtained with GMM for the different colour distributions considering heterocesdastic and homoscedastic modes (first and second line). The
values of the mode peaks (µn), dispersions (σn) and the fraction of objects assigned to the blue GC subpopulation (pn) are listed along with the statistical
values P (χ2), D and k.
Colour µb σb µr σr fb P (χ
2) D k
(mag) (mag) (mag) (mag) (mag)
(g′ − z′) 0.93±0.01 0.13±0.02 1.33±0.02 0.17±0.01 0.46±0.03 0.010 2.60±0.10 -0.83
0.96±0.01 0.15±0.01 1.36±0.01 0.15±0.01 0.54±0.02 0.010 2.60±0.09 -0.83
(g′ − i′) 0.76±0.01 0.11±0.01 1.06±0.01 0.13±0.01 0.47±0.04 0.010 2.49±0.13 -0.73
0.78±0.01 0.12±0.01 1.08±0.01 0.12±0.01 0.55±0.02 0.010 2.49±0.12 -0.73
(g′ − r′) 0.56±0.02 0.10±0.01 0.72±0.04 0.11±0.01 0.51±0.15 0.020 1.56±0.33 -0.27
0.57±0.01 0.10±0.01 0.74±0.01 0.10±0.01 0.61±0.06 0.010 1.56±0.18 -0.27
(r′ − i′) 0.27±0.02 0.10±0.03 0.48±0.09 0.07±0.03 0.95±0.33 0.070 2.33±0.99 0.03
0.26±0.01 0.10±0.01 0.40±0.04 0.10±0.01 0.82±0.08 0.010 2.33±0.59 0.03
(r′ − z′) 0.41±0.02 0.13±0.01 0.65±0.03 0.12±0.01 0.61±0.09 0.010 2.00±0.17 -0.40
0.40±0.01 0.12±0.01 0.65±0.01 0.12±0.01 0.58±0.03 0.010 2.00±0.16 -0.40
(i′ − z′) 0.22±0.01 0.13±0.01 — — — — — 0.50
0.21±0.01 0.13±0.01 0.24±0.01 0.13±0.01 0.65±0.06 0.010 0.03±0.07 0.50
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Figure 9. From left to right and from top to bottom, we show the colour
histograms (g′ − z′)0, (g′ − i′)0, (g′ − r′)0, (r′ − z′)0, (r′ − i′)0 and
(i′−z′)0. The dotted black line represents the smoothed colour distribution.
In the histograms that show evidence of bimodality, blue and red dashed
lines show the best fit Gaussian components obtained by GMM for blue
and red GC subpopulations. Their sum is depicted by the grey solid line.
sidering the heteroscesdastic fit. Table 6 lists the values obtained
for each galactocentric range.
Figure 10 shows that in all the radial histograms (corrected by
background) the presence of typical blue and red GCs is clearly ob-
served at the modal values (g′−z′)0 ∼ 0.95 and (g
′−z′)0 ∼ 1.35
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Figure 10. (g′ − z′)0 colour distribution of the GC candidates at different
galactocentric radii (<80, 80-152, 152-296 and >296 arcsec). The dashed
black line represents the smoothed colour distribution. Blue and red dashed
lines show the best-fit Gaussian components obtained by GMM for blue
and red GC subpopulations. Their sum is depicted by the grey solid line.
Vertical red lines indicate the mean position of the red peak obtained by
GMM.
mag, respectively. As seen in other galaxies, at large galactocentric
radii (>152 arcsec) the blue GCs begin to dominate the sample,
while the red subpopulation dominates towards the inner region
showing a broader colour distribution (σ ∼ 0.17−0.21 mag) com-
pared with the blue one.
Another feature observed in Figure 10 is the shift in the mean
position of the red peak towards blue colours as we move away
from the galactic center. In order to clearly visualize and quantify
this colour (metallicity) gradient, we obtained the mean colour of
each subpopulation as a function of the normalized galactocentric
radius (rgal/Reff ), considering theReff value obtained in Section 4.
We considered the separation between both GC families us-
ing the colour cut (g′ − z′)0 = 1.09 mag, corresponding to the
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Table 6. Values obtained by GMM for the (g′ − z′)0 colour distributions at different galactocentric radii (0-80, 80-152, 152-296 and >296 arcsec).
rgal µb σb µr σr fb P (χ
2) D k
(mag) (mag) (mag) (mag)
< 80 arcsec 0.94±0.05 0.16±0.02 1.38±0.03 0.17±0.01 0.29±0.08 0.001 2.63±0.33 -0.52
80− 152 arcsec 0.91±0.03 0.13±0.03 1.31±0.03 0.18±0.02 0.35±0.07 0.001 2.55±0.25 -0.74
152 − 296 arcsec 0.92±0.02 0.13±0.01 1.29±0.04 0.17±0.02 0.53±0.08 0.001 2.40±0.33 -0.56
> 296 arcsec 0.93±0.03 0.15±0.02 1.27±0.08 0.21±0.03 0.61±0.14 0.001 1.84±0.51 -0.03
GMM value where an object has the same probability of belong-
ing to the blue or red subpopulation (see Tables 5 and 6). Then, we
separated this two subsamples in several galactocentric bins with
the same number of objects, and we obtained the mean colour for
each bin. In this case, we consider 80 and 95 GCs for blue and red
subsamples, respectively. The Figure 11 shows the smoothed iso-
countor map of the GC radial colour distribution, the mean colours
for each subpopulation, and the colour profile of the galaxy (green
solid line) obtained in Section 4. The smoothed colour distribu-
tion shows additional evidence of the presence of two subpopu-
lations of GCs (blue and red already mentioned). The red sub-
population is more concentrated towards the center of the galaxy
while the blue one display a more extended distribution. The red
mean colours in each radial bin also reveal a colour gradient.
In order to quantify these colour gradients, we fit the expression
(g′ − z′)0 = a + b log(rgal/Reff ) (Harris 2009b) to the blue and
red candidates in the ranges rgal/Reff < 8 and rgal/Reff < 7. The
values obtained were a = 0.859±0.031, b = −0.038±0.026 and
a = 1.218 ± 0.020, b = −0.084 ± 0.012, respectively. Using the
colour-metallicity relation of Usher et al. (2012):
[Z/H ] = (2.56± 0.09) × (g − z) + (−3.50± 0.11)
for (g − z) > 0.84,
(3)
we transform the colour slopes into metallicity gradients, obtain-
ing ∆[Z/H ]/log(rgal/Reff ) = −0.09 ± 0.07 dex per dex for the
blue subpopulation, and∆[Z/H ]/log(rgal/Reff) = −0.21±0.03
dex per dex for the red one. These values are shallower when com-
pared to those obtained by Forbes et al. (2011) for the E galaxy
NGC1407 (−0.38± 0.06 for the blue subpopulation and −0.43±
0.07 for the red one) belonging to another subgroup of the Eridanus
supergroup. However, they are comparable to those found in other
massive galaxies located in different environments. For example,
Harris (2009b,a) found the following values for the GC subpopu-
lations belonging to the galaxy NGC7626, located in the Pegasus
group, and M87, located in the Virgo cluster: −0.12± 0.02 (blue),
−0.17± 0.03 (red) and −0.16± 0.06 (blue), −0.18± 0.07 (red),
respectively. Faifer et al. (2011) derived the values −0.18 ± 0.07
(blue) and −0.17± 0.08 (red) for the shell galaxy NGC3923.
The presence of these colour (metallicity) gradients, mainly
evidenced by the red GC subpopulation within∼ 2Reff (∼14 kpc),
and the subsequently flattening towards larger radii, suggest a
two-phase assembly for both clusters families and, therefore, for
NGC1395 (Forte et al. 2009; Oser et al. 2010; Forbes et al. 2011).
In addition, Figure 11 also shows that the inner colour of the halo of
the galaxy is in good agreement with the average colour of the red
clusters. This similarity suggests a strong link between them, in-
dicating a likely joint stellar formation (Forte et al. 2009, 2014). It
should be noticed that the absence of a significant metallicity gradi-
ent in the blue GC subpopulation suggests that this family would be
comprised of a strong mixing of blue clusters formed in situ in the
galaxy and accreted from different satellite galaxies (Harris et al.
2016).
Figure 11. Smoothed colour (g′− z′)0 versus normalized projected galac-
tocentric distance. Black dots show the GC candidates, and red and blue
filled circles show the mean value of both subpopulations at different radial
bins. The green solid line shows the inner colour profile of the halo of the
galaxy. The elliptical green symbol depicts the kernel used for smoothing.
The right axis shows the colour transformation into metallicity using the
relation of Usher et al. (2012).
5.2 Spatial distribution
As we mentioned in the previous section, we considered the colour
value (g′ − z′)0 = 1.09 mag to separate between the blue and red
subpopulations. Figure 12 shows the projected spatial distribution
of the blue and red GC candidates of NGC1395 (top and bottom
panels, respectively). Both families fill the entire GMOS mosaic,
showing the typical spatial distribution found in early-type galaxies
(Faifer et al. 2011; Escudero et al. 2015), with the red clusters more
concentrated toward the galactic center in comparison with the blue
ones.
In order to identify possible substructures or anisotropies in
the spatial distribution of GCs, we built the smoothed density maps
of the blue and red candidates (Figure 13). In addition to the dif-
ferent degree of concentration shown by both families, it is ob-
served what seems to be a mild overdensity of objects (rgal < 1.6
arcmin; ∼ 10 kpc) slightly offset from the galactic center, in a
northwest direction towards the shell location (see Section 4.2).
D’Abrusco et al. (2015) suggest that this type of overdensities may
be driven by accretion of satellite galaxies, major dissipationless
mergers, or wet dissipation mergers. Although the first case seems
to fit better with the GC population results found for NGC 1395, to
confirm or discard this scenario it will be necessary to obtain spec-
troscopic data to study the kinematics and the stellar population of
the GCs in this region.
To quantify the spatial distribution of the GC candidates of
the galaxy, we obtained the one-dimensional radial distribution of
the entire sample, as well as those for each subpopulation (Fig-
ure 14). In order to obtain a good sampling, the construction of the
density profiles was carried out by counting objects in concentric
circular annuli with ∆ log(r) = 0.08. Each bin was corrected for
contamination and per effective area. Figure 14 shows that the GC
system of NGC1395 is very extended, outpacing the boundary of
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Figure 12. Spatial distribution of the blue (top panel) and red (bottom
panel) GC candidates around NGC1395. Black pentagons indicate the po-
sition of the galactic center. Black strip indicates the location of the shell
(see Section 4.2).
our GMOS mosaic (>8.5 arcmin;>56 kpc at the distance assumed
for NGC1395). In addition, we also show the surface brightness
profile of the galaxy (see Section 4.1) with a green line. As ob-
served in other early type galaxies (Lee et al. 2008; Harris 2009b;
Escudero et al. 2015), the light profile of the halo of NGC1395 is
steeper compared to the distribution of the entire GC system. How-
ever, it shows a close match with the projected density profile of
the red candidates.
Subsequently, two scaling laws, a de Vaucouleurs (r1/4) and
a power law, were fitted to the density profiles of the whole GC
sample, as well as to each GC subpopulation. These scaling laws,
widely used in the literature (e.g., Faifer et al. 2011; Escudero et al.
2015; Hudson & Robison 2017), show good fits on the GC density
profiles. We perform least squares fits in order to estimate which of
these functions provide a better aproximation to our profiles. Since
the profiles flatten towards the galactic center, we excluded the most
internal points from the fits (r < 0.34 arcmin). The lack of GCs to-
wards the inner region of the galaxy may be due to the probable
incompleteness of our photometric sample, or/and to dynamical
effects, such as tidal disruption and/or erosion of GCs (Kruijssen
2015; Brockamp et al. 2014).
Table 7 lists the values obtained from the fits of the different
scaling laws and the background contamination levels expected in
each case. Both functions give similar results in terms of the resid-
ual errors. In addition, a fit considering the data for r > 1 ar-
cmin (∼100 per cent completeness) was made, obtaining similar
results within the errors to the values listed in Table 7. Figure 14
shows that both subpopulations do not seem to have reached a back-
ground level within our GMOS mosaic. The slope found for the red
GCs is similar to that reported for other massive early-type galax-
ies (Bassino et al. 2006; Faifer et al. 2011; Sesto et al. 2016). How-
Figure 13. Smoothed spatial distribution of the blue (top panel) and red
(bottom panel) GC candidates around NGC1395. The white dashed circle
shows the region of 10 kpc of galactocentric radius where the asymme-
try of GCs is observed. The green pentagons indicate the position of the
galactic center. The circular blue and red symbols depict the kernel used for
smoothing. Black strip indicates the location of the shell (see Section 4.2).
The colour bars indicate the number of objects within the kernel area used,
in this case 0.19 arcmin2 .
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Figure 14. Projected density profiles for all GC candidates (black filled cir-
cles shifted +0.4 on the vertical axis to avoid overlapping) and for the blue
and red subpopulations (blue and red filled circles). The blue, red and gray
dashed lines show the fits obtained considering a power law function. Ver-
tical dotted lines indicate the ranges used for the fits. The horizontal dotted
grey (shifted +0.4 on the vertical axis), blue and red lines correspond to
the background levels for the entire sample, blue and red GCs, respectively.
The green solid line depicts the galaxy light profile.
ever, the blue GC candidates present a shallower slope, similar to
that found for NGC3923 (Faifer et al. 2011; Miller et al. 2017). In-
terestingly, this is a massive elliptical shell galaxy as well, located
in a poor group of galaxies.
We studied the azimuthal distribution for the whole system
and for both subpopulations in order to determine the ellipticities
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Table 7. Fitted parameters for the surface density profiles considering a
power law and a de Vaucouleurs law, for the whole sample and for the blue
and red GC subpopulations. Fifth and sixth columns indicate the rms of the
fits and the background level estimations, respectively.
Popul. Scal. law Slope Zero point rms bg
(log(′′−2))
All Power -1.36±0.03 0.60±0.07 0.05 -3.42
de Vauc. -0.67±0.02 0.02±0.09 0.06 —
Blue Power -1.01±0.05 -0.50±0.13 0.07 -3.72
de Vauc. -0.48±0.02 -1.00±0.10 0.06 —
Red Power -1.69±0.04 1.01±0.09 0.06 -3.73
de Vauc. -0.85±0.03 0.39±0.09 0.07 —
and position angles of the GCs proyected spatial distribution. To do
this, we used the expresion of McLaughlin et al. (1994):
σ(R, θ) = kR−α[cos2(θ−PA)+(1− ǫ)−2sin2(θ−PA)]−α/2.
(4)
In this expression, σ(R, θ) represents the number of GC candi-
dates, k, the normalization constant, PA, the position angle mea-
sured counterclockwise from the north, ǫ, the ellipticity and α, the
slope of the power law obtained in the surface density fit.
We counted GC candidates in wedges of 22.5 degrees within a
circular ring of 0.35 < rgal < 1.84 arcmin centered on the galaxy.
The inner radius was considered to avoid the low completeness of
objects in the region near the galactic center. The outer radius cor-
responds to the maximum radius that can be reached at the edge of
the mosaic, which allow us to avoid to perform corrections for areal
incompleteness. Figure 15 shows the histograms of the azimuthal
analysis of the whole GC system as well as those corresponding
to each subpopulation. Using Equation 4, allowing k, PA and ǫ to
vary freely, the following values were obtained for the whole GC
system: ǫ = 0.17 ± 0.02 and PA = 99◦ ± 4◦. This indicates
that the system exhibits an elongation and orientation similar to the
stellar component of the galaxy (〈ǫ〉 = 0.17, 〈PA〉 = 108◦; see
Section 4.2). In particular, the ellipticity of the projected spatial dis-
tribution of the red candidates (ǫ = 0.11±0.03, PA = 101◦±8◦)
is slightly lower than the ellipticity of the galaxy. In addition, we
did not find any significant elongation for the projected spatial dis-
tribution of the blue subpopulation, and therefore, in this case, the
PA is unconstrained. The asymmetry shown by the blue candidates
in the central region could be responsible for the greater elongation
obtained for the GC system (blue+red).
5.3 Diffuse hot gas in the group
Eridanus supergroup presents diffuse X-ray emission, mainly
around the galaxies NGC1407 and NGC1395. This weak emis-
sion extends ∼30 arcmin (∼200 kpc) and ∼20 arcmin (∼135 kpc)
around both galaxies, respectively. Contours of the extended X-ray
emission around NGC1395, based on ROSAT observations, have
been presented in Omar & Dwarakanath (2005).
Different studies such as Forte et al. (2005), Forbes et al.
(2012) and Escudero et al. (2015) have shown that, in some mas-
sive early-type galaxies, the slope of the projected density profile
of the blue GCs in the external region of the galaxy, and the X-
ray brightness profile of the host galaxy halo, exhibit a similar be-
havior. This close relationship between both tracers of the galaxy
halo, would indicate that they share the same gravitational potential
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Figure 15. Azimuthal distribution of the all GC candidates within the an-
nulus 0.35 < rgal < 1.84 arcmin (top panel), and for the blue and red
GC subpopulations (blue and red histograms, respectively; bottom panel).
The dashed vertical line represents the average PA value of the galaxy light
obtained in this work (〈PA〉 = 108 degrees). Dotted black curves in both
panels show the fit obtained for the GC sample and for the red GC subpop-
ulation.
in equilibrium (Forbes et al. 2012). However, this phenomenom is
not well understood yet. Therefore, to identify more galaxies of this
kind will help to clarify this issue.
In order to disentangle if a similar relation occurs in
NGC1395, we compared the blue density profile obtained in Sec-
tion 5.2 with those built from archival images of XMM-Newton
(ObsID: 0305930101) and Chandra (ObsID: 799) X-ray space ob-
servatories. Finally, we only considered the profile obtained from
XMM-Newton images, since they display a continuous radial cov-
erage and an exposure time three times greater than those of Chan-
dra.
The XMM data reduction was carried out following
Nagino & Matsushita (2009). From the reduced final image, the X-
ray surface brightness profile of the galaxy in the range 0.3 − 2.5
keV, corrected by background, was extracted considering concen-
tric annuli, reaching a distance of ∼10 arcmin (∼66 kpc) from
the galactic center. Subsequently, in order to compare both pro-
files (blue GCs and hot gas), we decided to fit a β-model to them
(Cavaliere & Fusco-Femiano 1976):
S(r) = S0[1 + (r/rc)
2]−3βx+0.5, (5)
with rc the core radius and βx the slope of the profile.
Figure 16 shows the comparison between the density profile
of the blue GCs and the X-ray profile of NGC1395. The latter was
shifted on the y axis to obtain a better comparison and visualization
of them. In addition, a ±5% variation on the β value (shaded re-
gion in Figure 16) was considered according to Forbes et al. (2012).
The fit of Equation 5 was carried out by discarding the most internal
points (< 0.4 arcmin;∼2.5 kpc), mainly due to the incompleteness
of our blue GC profile in that region. The obtained values are β =
0.39 ± 0.04 for the blue GCs and β = 0.41 ± 0.01 for the X-ray
profile. As in other few well studied massive early-type galaxies,
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Figure 16. Globular cluster density profile (blue filled circles) and X-ray
density profiles (yellow filled squares) for NGC1395. The red solid line
shows the fitted β-model for the X-ray surface brightness with a±5% slope
uncertainty (shaded region), while the black dashed line shows the β-model
fit obtained over the density profile of the blue subpopulation.
Figure 16 shows that the blue GCs profiles display a good agree-
ment with the X-ray emission profile for rgal & 15 kpc. When
comparing these values with those obtained from the literature, it
is observed that NGC1395 presents similar slope values to other
massive galaxies, such as the central galaxy of the Fornax cluster
NGC1399 (βX = 0.35, βblue = 0.42 ± 0.05), the central group
galaxy NGC5846 (βX = 0.45, βblue = 0.51±0.10) (Forbes et al.
2012), and the lenticular galaxy NGC6861 in the Telescopium
group (βX = 0.38, βblue = 0.42 ± 0.01) (Escudero et al. 2015).
5.4 Luminosity function and total GC population
The distance to NGC1395 have been estimated in the literature us-
ing different methods, including Cepheids (Ferrarese et al. 2000),
surface brightness fluctuation (SBF; Tully et al. 2013) and Tully-
Fisher relation (Freedman et al. 2001). In this paper we use the
luminosity function of the GC system (GCLF) as an indepen-
dent method to those previously mentioned. The advantage of this
method is that it allows us to estimate the total population of GCs
of the galaxy, using the joint information provided by the density
profile analysis of the system.
The construction of the GCLF was performed as follows.
From our initial photometric catalogue, which contains all the un-
resolved objects detected in the GMOS mosaic, we performed the
colour cuts mentioned in Section 5.1 but without limiting the mag-
nitude range. Using this sample, we counted GC candidates in bins
of 0.2 mag, correcting the distribution for completeness and back-
ground (Section 3.3 and Section 3.2). Figure 17 shows the corrected
luminosity distribution (solid line) of the GC system of NGC1395
in the r′ band. In addition, the Figure shows the histogram corre-
sponding to the comparison fields corrected by an areal factor (grey
dashed line).
The GCLF of NGC1395 seems to show the turnover (TO)
magnitude at r′0 ∼ 24 mag. To quantify its position, both Gaus-
sian and t5 functions were used on the histogram. These functions
are widely used in the literature (Jacoby et al. 1992; Villegas et al.
2010; Faifer et al. 2011; Escudero et al. 2015) since they show ac-
ceptable fits on the GC luminosity distributions. The obtained fits
for the GC system are displayed in Figure 17, while Table 8 lists the
TO magnitudes and dispersions (σ) of both functions.
Taking advantage of the “universality” shown by the GCLF,
we used the valueMR = −8.06± 0.15 mag of Go´mez & Richtler
(2004) and our estimated value of the magnitude of the TO to obtain
the distance modulus of NGC1395. To do this, we transform MR
using the expression of Lupton (2005)5:
R = r′ − 0.2936(r′ − i′)− 0.1439. (6)
Using the mean value 〈r′ − i′〉0 = 0.28 mag for the GC system,
we obtainMr = −7.83 mag.
Subsequently, considering the averaged value of the magni-
tude of the TO corresponding to the whole GC population (Table 8),
we get (m−M) = 31.79± 0.16 mag, which translates into a dis-
tance of 22.8±1.7 Mpc. This value is in good agreement with the
initially used in this work by Tully et al. (2013) (see Table 1).
As shown by Larsen et al. (2001) and Escudero et al. (2015),
a significant difference between the TO magnitudes of blue and
red GC subpopulations is observed. This difference, possibly orig-
inated by metallicity effects (Ashman et al. 1995), results in a
widening of the GCLF when considering the entire GC sample,
and therefore in a shift in the value of TO, especially if photomet-
ric bands are centered towards the blue of the optical spectrum. To
minimize this metallicity effect, one option is to use the TO magni-
tude of the blue subpopulation as a distance indicator (Kissler-Patig
2000). Therefore, we repeated the same procedure followed for the
whole GC sample, and we obtained the GCLFs of both subpopula-
tions.
Figure 18 shows the corrected histograms for the blue and red
clusters, while Table 8, the values obtained from the fitted func-
tions. The difference obtained between the positions of the TO
magnitudes of both GC subpopulations (being the TO of the blue
subpopularion slightly brighter than the TO of the red one), results
significant within 1σ.
In order to determine the distance modulus of NGC1395 us-
ing its blue subpopulation, we used the 2010 version of the Mc-
Master globular cluster database (Harris 1996) to re-fit the GCLF
of the Milky Way in the R filter. According to the analysis per-
formed by Harris et al. (2016) on the metallicity distribution func-
tion for the GCs in the Galaxy, we are left with those clusters with
[Fe/H] < −1 dex (metal-poor GCs) and reddenings EB−V < 1.6.
Then, we corrected by reddening the magnitudes of the GCs us-
ing the values of (Schlafly & Finkbeiner 2011), and we built up the
luminosity function using the averaged shifted histogram method
(Scott & Thompson 1983) with a bin of 0.3 mag. Then, we fit
a Gaussian and a t5 function to determine the TO magnitudes,
M0R, and the corresponding dispersions (M
0
R = −8.15 ± 0.05,
σ = 0.92± 0.05 mag andM0R = −8.13± 0.05, σ = 0.89± 0.06
mag, respectively).
Figure 19 shows the resulting GCLF together with the ob-
tained fits. Considering the averaged value of M0R, the final result
for the Milky Way is M0R = −8.14 ± 0.07 mag. We transform
this value using Equation 6 and the value 〈r′ − i′〉0 = 0.27 mag
(see Table 5) for the blue subpopulation of NGC1395, obtaining
Mr = −7.92 mag. Finally, using thisMr value and the averaged
TO magnitude for the blue candidates of NGC 1395, we got the
distance modulus (m −M) = 31.62 ± 0.11 mag (∼ 21.1 ± 1.1
Mpc). This value is slightly lower than the previously obtained
for the whole sample of GCs and than that of Tully et al. (2013),
but it is still in agreement within 2σ with the value obtained by
these authors. In addition, the distance modulus obtained here
for NGC1395 results comparable to that obtained by Forbes et al.
(2006), using the GCLF, for NGC1407 in the Eridanus supergroup.
As mentioned at the beginning of this section, using the infor-
mation provided by the GCLF and the density profile analysis of
5 http://www.sdss.org/dr12/algorithms/sdssubvritransform/
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Figure 17. Globular cluster luminosity function of NGC 1395. Solid line
shows the corrected LF (background and completeness) for the GC system.
The histogram corresponding to the comparison fields is shown by dashed
grey line. Blue and red dashed lines represent the Gaussian and t5 fit to
the corrected GCLF. Vertical dotted line indicates the magnitude range not
included in the fits (r′0 > 24.6 mag).
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Figure 18. Corrected luminosity function for blue (top panel) and red (bot-
tom panel) subpopulation. Dashed and solid lines show the Gaussian and t5
fits, respectively. The dashed and solid vertical lines indicate the position of
the magnitudes of the TO. Vertical black dotted lines indicate the magnitude
range not included in the fits (r′0 > 24.5 mag).
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Figure 19. Globular cluster luminosity function of the Milky Way in the R
band considering only the metal-poor subpopulation. The solid and dashed
black lines show the Gaussian and t5 fits, respectively.
Table 8. Values of the TO magnitudes and dispersions for the different GC
samples, obtained from the fit of Gaussian and t5 functions.
Population Gaussian t5
TO σ TO σ
All 23.94±0.09 1.25±0.07 23.97±0.06 1.22±0.06
Blue 23.72±0.11 0.99±0.10 23.68±0.07 0.91±0.08
Red 23.89±0.11 1.30±0.09 23.84±0.09 1.22±0.09
the system, we estimated the total GC population of NGC 1395. Ini-
tially, we integrated the fitted power law density profile obtained in
Section 5.2 in the range 0.4 to 15.2 arcmin. The internal value cor-
responds to the limit at which the profile begins to flatten, while the
external value corresponds to a distance of 100 kpc, since there are
still a considerable number of GC candidates up to the edge of our
GMOS mosaic (∼ 8.8 arcmin; ∼58 kpc) (Figure 12). In addition,
this value has been used in the study of other GC systems of mas-
sive galaxies (Bassino et al. 2006; Harris 2009b; Escudero et al.
2015).
The number of GCs obtained from the integration of the pro-
file is 2680. Then, we assume a constant density value for the in-
ner region of the profile (< 0.4 arcmin), obtaining an additional
50 GCs. According to the adopted value of the TO magnitude
and σ for the whole sample (〈TO〉 = 23.95, 〈σ〉 = 1.24 mag),
these 2730 GCs represent a 64 per cent of the total GC popula-
tion, which are the GCs brighter than r′0 = 24.4 mag. Taking into
account the uncertainties in the estimation of different parameters
obtained in the analysis of the spatial distribution and the luminos-
ity function, we estimate a total of 4270± 800 GCs for the system
of NGC1395. This value corresponds to a specific frequency of
SN = NGC10
0.4(MV +15) = 5.3±1.2 consideringMV = −22.27
mag (Harris & van den Bergh 1981). Additionally, we estimate the
total subpopulations of blue and red GCs to be 2300 ± 650 and
1860± 380, respectively.
As shown in Section 5.2, the GC system of NGC1395, in
particular the blue subpopulation, shows a shallower slope of the
density profile compared to other GC systems belonging to mas-
sive E galaxies (see e.g., Faifer et al. 2011). In recent years, using
wide-field imaging, different authors have found that some GC sys-
tems belonging to massive galaxies extend to large galactocentric
radii (&100 kpc; Kartha et al. 2016; Miller et al. 2017; Taylor et al.
2017). In this context, we decided to extend the integration of the
density profile to a maximum galactocentric radius of 165 kpc. This
value is obtained by extending the density profile of the blue GC
subpopulation until it reaches the background value estimated in
Table 7. On the other hand, the extended X-ray emission around
the galaxy and its similarity with the blue profile, provides addi-
tional support to the election of the radius mentioned above. Con-
sidering this new extension for the system, we re-estimated the total
GC population and SN in 6000 ± 1100 and 7.40 ± 1.40, respec-
tively. These values result more similar to those found for other
large elliptical galaxies, such as NGC4365 with SN = 7.75±0.13
(Blom et al. 2012), NGC1399 SN = 6.72 ± 0.81 (Spitler et al.
2008). For the following analysis, we will adopt this value for the
total population corresponding to 165 kpc.
6 GLOBAL PROPERTIES OF NGC1395 FROM ITS GC
SYSTEM
Using the results obtained in previous sections, we estimated some
structural parameters of NGC1395 considering different correla-
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tions and models obtained from the literature. The results obtained
here were compared with early-type massive galaxies located in the
Fornax+Eridanus complex. Table 9 lists some global parameters of
the considered galaxies obtained from published data.
Following Harris et al. (2017), we estimate the total halo mass
(Mh) of NGC1395 using the number of GCs obtained in the pre-
vious section. To do this, we use the simple empirical expres-
sion ηM =MGCS/Mh (Blakeslee et al. 1997; Hudson et al. 2014;
Harris et al. 2015), where MGCS is the total mass in the galaxy
GC system andMh is the total mass of the galaxy that includes the
baryonic mass and the dark matter halo mass. Harris et al. (2017)
obtained a value of ηM = 2.9±0.2×10
−5 including the variation
of the mean mass of the GCs as the mass of the galaxy increases.
This near-constant mass ratio across a range of ∼ 105 in galaxy
mass (from ultra-diffuse galaxies up to entire clusters of galaxies),
suggests that the amount of gas available for GC formation at high
redshift (8 & z & 2) was in almost direct proportion to the dark
matter halo potential (Harris et al. 2015).
Initially, we estimate the GC mean mass (〈MGC〉) using the
expression of Harris et al. (2017):
log〈MGC〉 = 5.698 + 0.1294M
T
V + 0.0054 (M
T
V )
2. (7)
AdoptingMV = −22.27 mag for NGC1395, the total mass of its
GC system isMGCS = NGC〈MGC 〉 = 1.87× 10
9 M⊙, whereby
the total mass for the galaxy results in Mh = 6.46 × 10
13 M⊙
(log(Mh)=13.81 M⊙).
Using this same procedure for the galaxies mentioned in Ta-
ble 9, and according to their values of MV and NGC , we ob-
tain that each subgroup of the Eridanus supergroup have similar
masses. It is necessary to mention that the NGC of NGC1332
was estimated using the expression of Arago´n-Salamanca et al.
(2006) given by SlocalN /S
global
N = 5.71 + 0.25MV with the value
SlocalN = 2.2±0.7 estimated by Kundu & Whitmore (2001). In this
context, the values obtained here are of the order to those estimated
by Makarov & Karachentsev (2011) based on the virial mass esti-
mates of each group. Although NGC1399 presents a similar value
to those of the Eridanus subgroups, it should be noticed that NGC
is probably underestimated (see Harris et al. 2017). Regarding to
NGC1316, the situation is completely different since the mass as-
sembly of this galaxy is still ongoing, showing a dominant GC com-
ponent with intermediate-age stellar populations (Goudfrooij 2012;
Sesto et al. 2016).
Subsequently, the obtained value Mh allowed us to estimate
the stellar mass (Mstellar) of the galaxy using the expression of
Yang et al. (2008):
Mstellar =Ms
(Mhalo/Mn)
α+β
(1 +Mhalo/Mn)β
(8)
with scaling parameters log (Ms) = 9.98, log (Mn) = 10.7,
α = 0.64 and β = 2.88 from Harris et al. (2013). We ob-
tained for NGC1395 the value Mstellar = 9.32 × 10
11 M⊙
(log(Mstellar)=11.97 M⊙), which is ∼9 times greater than the
value estimated by Colbert et al. (2004) (Mstellar = 1×10
11 M⊙),
using the luminosity of the galaxy in theK filter.
We estimated the stellar mass for each galaxy in Table 9 by
Equation 8. In addition, we added the dynamical mass values esti-
mated by Harris et al. (2013) using the velocity dispersion and the
effective radius of the galaxy. According to these authors, “since
the luminosity-weighted velocity dispersion is dominated by light
from withinReff , and the dark-matter halo contributes a small frac-
tion of the mass within Reff , Mdyn is close to being the baryonic
mass of the galactic bulge”. As can be seen in Table 9, in this case
both values are in a very good agreement.
Another important parameter that has a strong correlation with
the number of GCs, is the mass of the central supermassive black
hole (SMBH, Burkert & Tremaine 2010; Harris et al. 2014) in the
galaxy. Harris et al. (2014) suggest that if there is a causal link be-
tween them, would be through AGN feedback and its influence on
star and GC formation, and not due to a statistical origin. In this
context, Forte (2017) recently found (g − z) colour modulation
patterns in the GC systems associated with galaxies included in the
Virgo and Fornax HST-Advanced Camera Surveys. These features
suggest that the GC formation process would be associated with
large scale feedback effects connected with violent star forming
events and/or with SMBHs.
We use two different large-scale galaxy properties to estimate
the mass of the SMBH of NGC 1395:NGC and the velocity disper-
sion (σe). Using the expressions of Harris et al. (2014):
log NGC = 2.952±0.059+(0.840±0.080)(log MSMBH−8.5)
(9)
logMSMBH = 8.413± 0.080+ (4.730± 0.539)(log σe− 2.30)
(10)
we obtain log(MSMBH) = 9.48 and log(MSMBH) = 8.78M⊙,
respectively. We consider for NGC1395 the mean value of both
quanitities, 〈log(MSMBH)〉0 = 9.13 M⊙.
7 STELLAR POPULATION ANALYSIS
As presented in Section 4, the detection of shells and boxy
isophotes in NGC 1395, would indicate that the galaxy have expe-
rienced, at least, one recent merger event. Therefore, using public
spectroscopic data, we decided to study the stellar population in the
central region of NGC1395 in order to inspect if it has undergone
recent star formation. Some works in the literature have presented
an analysis of the stellar population of NGC1395. In the following
we give a short review of these papers, and their results will be used
to test our analysis.
Beuing et al. (2002) present the analysis of several line-
strength indices (Hβ, Mg1 , Mg2 , Mgb, Fe5015, Fe5270, Fe5335,
Fe5406, Fe5709, Fe5782, NaD, TiO1 and TiO2) of 148 early-type
galaxies, including NGC 1395, using longslit spectra. These indices
were measured within an aperture of 7.4 arcsec, and were sub-
sequently corrected by velocity dispersion effects and calibrated
to the Lick/IDS system. From the measurement of the equivalent
width (EW) of the [OIII] line, these authors classified NGC1395
as a class “0” galaxy, since it does not show significant emission
lines (EW[OIII]<0.3 A˚). As the corrections for emission are typi-
cally smaller than the errors in the estimation of indices, they were
not corrected for this effect.
Thomas et al. (2005) estimated the stellar parameters (age,
[Z/H] and [α/Fe] ratio) of 124 early-type galaxies, using recali-
brated Lick indices Hβ, Mgb, and 〈Fe〉 (〈Fe〉=(Fe5270+Fe5335)/2)
of Beuing et al. (2002) and stellar population models of
Thomas et al. (2003). In this work, the values obtained for
NGC1395 are: age=7.6±1.4 Gyr, [Z/H]=0.439±0.033 dex and
[α/Fe]=0.353±0.013 dex.
Serra & Oosterloo (2010) present an analysis of the stel-
lar population of several elliptical galaxies using HI observa-
tions (Meyer et al. 2004) and the same Lick indices published by
Thomas et al. (2005), but only considering the solar value of [α/Fe]
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Table 9. Global properties of early-type galaxies. Columns (1)-(7) list the galaxies, morphological type, environment in which they are located, absolute
V magnitude, total number of GCs, velocity dispersion and effective radius. Column (8) shows the stellar mass obtained using Equation 8; column (9), the
dynamical mass from Harris et al. (2013); column (10)-(11), the SMBH mass and the total halo mass. The last column lists the data references: (a) Pota et al.
(2013), (b) Spitler et al. (2008), (c) Harris et al. (2013), (d) Barth et al. (2016), (e) Harris et al. (2014), (f) Gebhardt et al. (2007), (g) Nowak et al. (2008), (h)
Richtler et al. (2012).
Galaxy Type Env. MTV NGC σ Reff log(Mstellar) log(Mdyn) log(MSMBH ) log(Mh) Ref.
(mag) (km s−1) (kpc) (M⊙) (M⊙) (M⊙) (M⊙)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
NGC1395 E2 Group -22.27 6000±1100 238 7.10 11.97 11.60 9.13 13.81 This work
NGC1407 E0 Group -22.26 6400±700 270 10.38 11.98 11.85 9.67 13.84 a,b,c
NGC1332 S0 Group -21.62 3200±1000 320 2.75 11.75 11.42 8.77 13.47 c,d
NGC1399 E1 Cluster -22.34 6625±1180 337 9.70 12.01 12.01 8.70 13.86 c,e,f
NGC1316 S0 pec Group -23.16 1500±500 227 10.19 11.65 11.69 8.17 13.31 c,g,h
to compare with SSP models. The age obtained by these authors for
NGC1395 is slightly younger than that of Thomas et al. (6.0+1.6−0.9
Gyr).
In this context, we decided to study the stellar population of
NGC1395 using a different method to the traditional line-strengths
analysis in order to verify if the same results are obtained. To this
aim we used the 6dFGS spectrum (see Section 2) and the full spec-
tra fitting technique which has the advantage of using all the in-
formation available in the spectrum, making it possible even to
perform an analysis at lower S/N. The spectrum covers the cen-
tral 6.7 arcsec (∼Reff/10) of NGC1395, being comparable to the
aperture value used by Beuing et al. (2002). In this particular case,
we determined the stellar kinematics and stellar population of the
galaxy using the ULySS (University of Lyon Spectroscopic Anal-
ysis Software; Koleva et al. 2009) code and the SSP models of the
MILES library (Vazdekis et al. 2010) which cover a wide range of
age (0.03− 14 Gyr) and metallicity (−2.27 < [Z/H ] < 0.4 dex).
We adopt an α-element ratio of [α/Fe]=0.4 dex according to the
value previously obtained by Thomas et al. (2005). These models,
with a resolution of 2.51 A˚ were degraded to the resolution of the
science spectrum. In addition, we have considered the parameter
\CLEAN to exclude outliers during the fit, and also a multiplicative
polynomial of high order (order 20) to correct for inaccuracies in
the model prediction.
In order to obtain reliable results, we performed several runs
considering different spectral ranges. The best fit was obtained in
the wavelength range 3900 − 6800 A˚. To determine the first two
moments of the line-of-sight velocity distribution (velocity and ve-
locity dispersion), and the integrated SSP equivalent age and metal-
licity of the galaxy, we considered 100 Monte Carlo simulations to
estimate the errors and the coupling between the different parame-
ters, adopting the mean value of the simulations as final values.
The values obtained by the code for the radial velocity and
velocity dispersion of the stellar component of the galaxy were
Vr = 1726 ± 3 km s
−1 and σ = 255 ± 4 km s−1, respec-
tively, which are in agreement with those obtained by Smith et al.
(2000). In addition, the calculated values of age and metallicity for
NGC1395 are 12.1± 0.2 Gyr and [Z/H]=0.34± 0.01 dex, respec-
tively. Figure 20 shows the integrated spectrum of NGC1395 with
the best fit and residual spectra obtained by ULySS.
According to our results, the central region of the galaxy is
dominated by an old stellar population showing a greater age com-
pared to that found by Thomas et al. (2005) using absorption line
strength indices. In addition, we obtained a super-solar metallicity
slightly lower than that estimated by those authors. Spolaor et al.
(2008b) obtained a similar difference in the age of NGC1407
when compared with the published value of Thomas et al. (2005).
Although the age-metalicity degeneracy is reduced using spectral
fitting techniques (Sa´nchez-Bla´zquez et al. 2011; Carlsten et al.
2017), it will be necessary to obtain higher-quality longslit data
to confirm our results and to study in detail the stellar population
of NGC1395 at different galactocentric radii.
8 SUMMARY AND CONCLUSIONS
Using excellent Gemini/GMOS photometric data, we studied and
characterized the GC system of the elliptical galaxy NGC1395, lo-
cated in one of the subgroups that make up the Eridanus super-
group. In addition, we used public spectroscopic data to determine
the stellar population parameters in its central region.
The analysis of the images allowed us to obtain global pho-
tometric parameters in the filters g′, r′, i′ and z′. We detected the
presence of a faint inner shell located at a galactocentric radius of
∼3 arcmin (∼20 kpc) in the northwest direction, connected with a
“radial feature” forming an umbrella-like structure. In addition to
these substructures, the presence of boxy isophotes provides addi-
tional piece of evidence that NGC 1395 has experienced, at least,
one recent interaction/merger event with a low-mass satellite.
We estimated that the total GC population of NGC1395 in-
cludes 6000±1100 members, considering a radial extension of the
system of 165 kpc. This value translates into a specific frequency of
SN = 7.4±1.4, and imply a halo mass ofMh = 6.46×10
13 M⊙.
Similar masses have been obtained for the remaining massive sub-
groups belonging to the Eridanus supergroup and the Fornax cluster
(NGC1407, NGC 1332, NGC1399 and NGC1316), based on the
collection of data and models from the literature. Considering the
sum of the halo mass of the galaxies mentioned above, an overall
mass ofM = 2.56×1014 M⊙ is obtained for the Fornax-Eridanus
complex, being in agreement within the mass range estimated by
Nasonova et al. (2011) (Mtot = [1.30 − 3.93] × 10
14 M⊙).
We used Gaussian mixture models to identify the different GC
subpopulations in NGC1395. The analysis of the GC colour distri-
bution exhibits a bimodal appearance in the colours (g′ − z′)0,
(g′ − i′)0 and (r
′ − z′)0, indicating the presence of at least
two GC subpopulations: the typical blue (metal-poor) and red
(metal-rich) subpopulations. In particular, the red subpopulation
presents a steep colour (metallicity) gradient (< 2Reff ; ∼14 kpc)
as a function of galactocentric radius compared to the blue one,
with the latter exhibiting relatively shallow metallicity gradients
throughout the system. The estimated values for both GC families
(∆[Z/H ]/log(rgal/Reff) = −0.21±0.03 dex per dex for the blue
family and ∆[Z/H ]/log(rgal/Reff) = −0.09 ± 0.07 dex per dex
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Figure 20. Observed spectra of NGC1395 (black line) with the best fit obtained by ULySS (blue line). The light blue line is the considered multiplicative
polynomial. Red lines indicate the discarded lines during the fit, due to the presence of telluric lines in this regions and automatic rejection of outliers. The
residual spectrum obtained from the fit is displayed below NGC1395’s spectrum, where the green lines indicate the 1-σ deviation.
for the red one), are similar to other systems associated to massive
galaxies located in different environments. These radial metallic-
ity trends within ∼2Reff and the subsequently flattening towards
larger radii, would indicate that the inner populations of the galaxy
(i.e. stars and GCs) have been formed by in situ dissipative pro-
cesses. In addition, the observed similarity between the inner colour
of the halo of the galaxy and the average colour of the red subpopu-
lation would indicate a likely joint stellar formation, reinforcing the
scenario previously mentioned. However, as shown in the spectro-
scopic analysis of NGC1395, there is uncertainty about the stellar
population age in the central region of the galaxy, with which dissi-
pative accretion processes can not be ruled out. On the other hand,
the absence of a significant colour (metallicity) gradient in the blue
candidates suggests a growth of the outer halo due to continuous
accretion of low mass systems with its GCs. Particularly, in this
last point, the presence of a mild GC overdensity, mainly of blue
candidates, is observed in the same direction as the shell structure.
Unfortunately, it is difficult to confirm if both features have the
same origin. It will be necessary to obtain spectroscopic data to
analyze the kinematics and stellar population of these objects, as
well as the use of numerical simulations, in order to constraint the
different scenarios that would originate these structures.
Another feature observed in the blue subpopulation is its ex-
tended and shallow radial spatial distribution. By comparing the
density profile of the blue clusters with the X-ray surface bright-
ness profile of the galaxy, there is a good agreement between them
outside∼15 kpc (∼2Reff ). This coincidence is probably due to the
fact that both, blue GCs and the hot gas, would be in equilibrium
within the gravitational potential of NGC1395 (Forbes et al. 2011).
In this context, given the similarity between these two halo tracers,
it is reasonable to assume that the GC system of the galaxy could
be extended up to ∼160 kpc.
Regarding the information obtained from the analysis of the
blue GCLF, we estimated the distance modulus of the galaxy in
(m−M) = 31.62± 0.11 mag, being in good agreement with the
values reported in the literature.
Considering the full spectral fitting technique implemented
by the publicly software ULySS, we determined the stellar popu-
lation parameters of the central region (∼Reff/10) of NGC1395
using 6dFGS data. We derived an age of 12.1 ± 0.2 Gyr and a
metallicity [Z/H]=0.34 ± 0.01 dex in that region by fitting the in-
tegrated spectrum of the galaxy with SSP models of the MILES li-
brary. We obtained a significant discrepancy between our derived
population parameters (mainly in the age value) and those esti-
mated by Thomas et al. (2005) using Lick indices. Similar differ-
ences have been found in other elliptical shell galaxies studied by
Carlsten et al. (2017) using both methods. The presence of weak
emission lines in the spectrum without an adequate correction and
the use of few indices in the fit would explain this difference. How-
ever, it will be necessary to obtain new higher-quality spectroscopic
data to provide more precise stellar population parameters.
Combining all the results obtained in this work, we have
found that the assembly of the elliptical galaxy NGC1395, and
consequently the formation of its GC system, would fit in the
scenario of growth in “two-phases” or “inside-out” (Oser et al.
2010; Naab et al. 2014; Hirschmann et al. 2015). In this pic-
ture, the old age, steep metallicity gradients, and [α/Fe]=0.35 dex
(Thomas et al. 2005) displayed by the galaxy in its central region,
would indicate that the core of NGC1395 had a rapid formation
timescale, possibly dominated by in situ dissipative processes that
formed the vast bulk of star and GCs. Subsequently, the contin-
uos accretion of stars and mainly blue GCs belonging to low-mass
satellite galaxies, have been increasing the mass growth of the
galaxy, contributing to the metallicity gradient flattening. In addi-
tion, the presence of tidal structures indicates that the galaxy is still
accreting group members.
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APPENDIX A: CLASSIFICATION PARAMETERS: CLASS
STAR AND SPREADMODEL
One of the most reliable software for performing stellar photome-
try using the PSF fitting technique, is the well known DAOPHOT.
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Figure A1. Object classification diagrams using SPREAD MODEL (top
panel) and CLASS STAR (bottom panel) parameters as a function of the r′
magnitude. Blue horizontal dashed lines show the boundary used in this
work to separate between resolved (orange dots) and unresolved (black
dots) sources. The red circle indicates the resolved object classified by
SPREAD MODEL.
However, in recent years the software SEXTRACTOR along with
PSFEx, has begun to be implemented in several works to ac-
complish the PSF modeling (Desai et al. 2012; Radovich et al.
2015; Gonza´lez-Lo´pezlira et al. 2017). A detailed analysis of
the different capacities provided by PSFEx was carried out by
Annunziatella et al. (2013). Here, we evaluate the reliability of
that software, by analyzing the new classifier parameter SPREAD
MODEL in comparison with the classical CLASS STAR parameter of
SEXTRACTOR.
The range of values given by the CLASS STAR parameter
varies between 0 and 1, assigning the value 0 to resolved ob-
jects and 1 for unresolved ones. This procedure is performed using
a neural network. On the other hand, SPREAD MODEL is a nor-
malized simplified linear discriminant between the best fitting lo-
cal PSF model and a slightly more extended model, made by the
same PSF convolved with a circular exponential disk model with
scalelength=FWHM/16, where FWHM is the full-width at half
maximum of the PSF model (Desai et al. 2012). This parameter
classify resolved objects with values around zero, and extended ob-
jects with positive values. A good separation compromise for point
sources is SPREAD MODEL<0.0035.
Figure A1 shows SPREAD MODEL (top panel) and CLASS
STAR (bottom panel) values as a function of r′ magnitude, for
all the detected objects in the field that contains NGC1395. As
shown in the figure, the separation value between resolved from
unresolved sources considered by SPREAD MODEL is comparable
to CLASS STAR=0.5. It is clear from the Figure that both parame-
ters become uncertain towards the faint luminosity end (r′0 > 24.5
mag).
Although both parameters are similar, the correct classifica-
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Figure A2. Left panel: Gemini-GMOS image of 2×2 arcmin of the field that contains the galaxy NGC1395. The red circle shows the location of the
resolved (according to the classification made by SPREAD MODEL) object mentioned in the text. Right panel: Comparison between the radial profiles of the
aformentioned extended source (red pluses) and an unresolved source (black pluses) in the GMOS field.
tion of relatively bright, compact, although marginally resolved
objects becomes difficult using only the parameter CLASS STAR,
which is less efficient for this aim. A clear example is observed
when analyzing the object located at a projected radius of 2.1 ar-
cmin (∼14 kpc) from the center of NGC1395 (red circle in the
left panel of FigureA2). According to the classification criterion
adopted in this work, this object is catalogued by CLASS STAR as
an unresolved source assigning it a value of 0.55. On the other hand,
the value 0.011 is obtained by the parameter SPREAD MODEL,
which classifies it securely as an extended object. The red circles in
FigureA1 depict the location of this object in the considered classi-
fication diagrams. Using the task IMEXA of IRAF, we compare the
radial profile of this object with that of an unresolved source in the
image. As shown in the right panel of Figure A2, this object results
clearly extended in our images.
In conclusion, the new classifier of SExtractor+PSFEx
SPREAD MODEL allows us to obtain a reliable separation between
the resolved and unresolved objects present in GMOS images, be-
ing a good complement to be used together with the index CLASS
STAR.
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